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(54) CONSTANT VOLTAGE GENERATING CIRCUIT AND SEMICONDUCTOR INTEGRATED 
CIRCUrr DEVICE USING THE SAME 

(57)Abstract: 

PURPOSE: To reduce the normal current consumption 
of an operational amplifier, etc., at an impedance 
conversion part when supplying the constant voltage of 
high current driving ability to a capacitive load. 
CONSTITUTION: This device is provided with an 
impedance conversion circuit 1 for performing 
impedance conversion to an input voltage Vin and for 
outputting it as a voltage Vin', operational amplifier 2 for 
comparing the voltage Vin' with the input voltage Vin 
while keeping off-set, and switch 3 for connecting a 
voltage VA of a power source with the comparatively low 
impedance to the output of the impedance conversion 
circuit 1 based on the output of the operational amplifier 
2. When the yoltage Vin' is changed over the offset of 
the operational amplifier 2 in comparison with the input 
voltage Vin, the voltage Vin' is recovered to the original 
voltage by connecting the voltage VA of the power 
source with the comparatively low impedance through 
the switch 3 to the output of the impedance conversion 
circuit 1. 



LEGAL STATUS 

[Date of request for examination] 1 4.05.1 999 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 31 75983 

[Date of registration] 06.04.2001 

[Number of appeal against examiner's decision 
of rejection] 



6-161570 

* NOTICES ♦ 



Japan Patent Office is not responsible for any damages caused by the use of this 
5 translation. 

1 . This document has been translated by computer.So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



15 [Claim(s)] 

[Claim 1] The constant-voltage generating circuit characterized by providing the 
following. The impedance-conversion circuit which carries out impedance conversion of 
the 1 st reference voltage, and outputs the 2nd reference voltage of voltage equal to the 
1st reference voltage. Switching means which the direct input of the above 1st and the 

20 2nd two reference voltage is carried out. connect between the comparator which 

reverses an output by the 1 st case where the difference of such reference voltages 
which are two is larger than the offset voltage defined beforehand, and the 2nd case of 
being small, and the output side of the aforementioned impedance-conversion circuit 
and a power supply, and a control terminal is connected to the outgoing end of the 

25 aforementioned comparator, and are turned on / turned off in the case of [ of the 
above / 1 st/] the 2nd. 

[Claim 2] The constant-voltage generating circuit characterized by providing the 
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following. The impedance-conversion circuit which carries out impedance conversion of 
the 1st reference voltage, and outputs the 2nd reference voltage of voltage equal to the 
1 St reference voltage. Switching means which the direct input of the above 2nd and the 
3rd two reference voltage is carried out. connect between a comparator without the 
5 offset which reverses an output by the size of such reference voltages which are two, 
and the output side of the aforementioned impedance-conversion circuit and a power 
supply, and a control terminal is connected to the outgoing end of the aforementioned 
comparator, and are turned on / turned off by the output of the aforementioned 
comparator. 

10 [Claim 3] The constant-voltage generating circuit characterized by providing the 

following. The impedance-conversion circuit which carries out impedance conversion of 
the 1 St reference voltage, and outputs the 2nd reference voltage of voltage equal to the 
1 St reference voltage. Switching means which the direct input of the above 2nd and the 
3rd two reference voltage is carried out, connect between the comparator which has 

15 the offset which reverses an output by the size of such reference voltages which are 
two, and the output side of the aforementioned impedance-conversion circuit and a 
power supply, and a control terminal is connected to the outgoing end of the 
aforementioned comparator, and are turned on / turned off by the output of the 
aforementioned comparator. 

20 [Claim 4] The aforementioned impedance-conversion circuit is a constant-voltage 
generating circuit of one publication of a claim 1-3 which is a voltage type follower 
circuit. 

[Claim 5] The aforementioned impedance-conversion circuit is a constant-voltage 
generating circuit of one publication of a claim 1-3 which is a resistance element. 
25 [Claim 6] The aforementioned power supply is the constant-voltage generating circuit 
of one publication of a claim 1-5 which is a constant current source. 
[Claim 7] The aforementioned comparator and the aforementioned switching means are 
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the constant-voltage generating circuit of one publication of a claim 1-6 constituted as 
what has an MOS type electric field effect type transistor. 

[Claim 8] The aforementioned comparator is a constant-voltage generating circuit of 
one publication of a claim 1-7 where the aforementioned offset voltage is decided by 
5 having the 1 st and 2nd input transistors with which the above 1 st and the 2nd 

reference voltage are applied to a gate terminal, and giving deflection to the these 1 st 
[ the ] and 2nd gate width and gate lengths in an input transistor. 
[Claim 9] The constant-voltage generating circuit of one publication of a claim 1-8 
further equipped with the voltage amplification circuit which doubles the 4th reference 
10 voltage arbitrarily and generates the 1 st reference voltage of the above. 

[Claim 10] Semiconductor integrated circuit equipment using the constant-voltage 
generating circuit according to claim 1 to 9 as a part of power circuit for a liquid crystal 
panel drive. 

[Claim 1 1] The constant-voltage generating circuit characterized by equipping the 
15 source with the field effect transistor of the 1st conductivity type which connected the 
1st reference voltage to the gate and connected the drain to the power supply for the 
impedance-conversion circuit which carries out impedance conversion of the 1 st 
reference voltage, and outputs the 2nd reference voltage of voltage equal to the 1 st 
reference voltage, and the 2nd reference voltage, respectively. 
20 [Claim 1 2] The aforementioned impedance-conversion circuit is a constant-voltage 
generating circuit according to claim 1 1 which is a voltage type follower circuit. 
[Claim 1 3] The aforementioned impedance-conversion circuit is a constant-voltage 
generating circuit according to claim 11 or 12 which is a resistance element. 
[Claim 14] The aforementioned power supply is the constant-voltage generating circuit 
25 of one publication of a claim 11-13 which is a constant current source. 

[Claim 15] The constant-voltage generating circuit of one publication of a claim 11-14 
further equipped with the voltage amplification circuit which doubles the 4th reference 
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voltage arbitrarily and generates the 1st reference voltage of the above. 
[Claim 16] Semiconductor integrated circuit equipment using the constant-voltage 
generating circuit according to claim 1 1 to 15 as a part of power circuit for a liquid 
crystal panel drive. 

5 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
10 [0001] 

[Industrial Application] this invention is used for the driver circuit which drives a liquid 
crystal panel etc. especially about the semiconductor integrated circuit equipment 
which used a constant-voltage generating circuit and it, and relates to a suitable 
constant-voltage generating circuit and semiconductor integrated circuit equipment. 
15 [0002] 

[Description of the Prior Art] Drawing 1 9 is the schematic diagram of the conventional 
constant-voltage generating circuit. As shown in drawing 1 9 , a voltage stabilizer 1 6 is 
equipped with an operational amplifier 1 2 as the impedance-conversion section. 
Furthermore, resistance division of during the high potential power supply VDD and the 

20 low voltage grounding GND was carried out by two resistance RA and RB, and the 

potential VB used as criteria is generated. The potential VB made by Resistance RA 
and RB is inputted into the right input terminal of the operational amplifier 12 called 
voltage follower type. The operational amplifier 1 2 is carrying out negative feedback of 
output voltage VB' of self to the negative input terminal. 

25 [0003] According to the above composition, impedance conversion of the potential VB 
is carried out by the operational amplifier 12, and it is sent out to other circuits which 
are not illustrated as output voltage VB' at all with the same voltage. 
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[0004] Low-impedance-ization is performed by the operational amplifier 12 when 
supplying other circuits by making into a constant voltage output voltage VB' obtained 
as mentioned above. For this reason, the big current drive capacity which is not 
acquired only by resistance division is realizable. 
5 [0005] In the drive power unit of a liquid crystal panel etc., the liquid crystal panel which 
puts many above constant-voltage generating circuits in order, and serves as a 
capacitive load will be driven. 

[0006] Now. drawing 22 shows the circuit block diagram of the conventional power 
supply for a liquid crystal drive. As shown in drawing 22 , in order to supply potential to 

10 the segment / common capacitive load CS of a liquid crystal panel, it has the drive 

circuit 100 and two or more output sections 102 prepared corresponding to each load 
CS. The drive circuit 1 00 has the partial pressure circuit 1 05 and the operational 
amplifier circuit 109. The operational amplifier circuit 109 has two or more operational 
amplifiers 104. The partial pressure circuit 105 pressures partially the high potential 

15 VDD for liquid crystal, and the low voltage VEE for liquid crystal by resistance R1-R6, 
and generates potentials VI -V5. Each potentials VI -V5 are supplied to two or more 
operational amplifiers 104 of the operational amplifier circuit 109. An operational 
amplifier 104 sends out the inputted potentials VI -V5 to the power supply wiring 103 as 
potential VI -V5' of it and this potential. The power supply wiring 103 supplies high 

20 potential VDD for liquid crystal, potential Vr - V5'. Capacity C1-C5 is connected to the 

wiring 103 in which potential VT - V5' appears, a selection signal — S — zero 

S — five — being based — transfer — the gate — 1 08 — choosing — having had — 
liquid crystal — ** — high — potential — VDD — and — potential — V — one — ' — 
V — five — ' — either — liquid crystal — *♦ — high — potential — VDD — " — 

25 output voltage — V — one — " — V — two — " — V — three — " — V — four — " 
— V — five — Either of the voltage VN or VP is supplied to the operational amplifier 
104 from the reference supply circuit 106 for operational amplifiers. 
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[0007] Drawing 23 is the circuit diagram showing the concrete example of composition 
of the reference supply circuit t06 for operational amplifiers in drawing 22 . Although P 
type MOS transistor 17, Resistance RC, and N type MOS transistor 18 are connected 
in series between the high potential VDD for liquid crystal, and the low voltage VEE for 
5 liquid crystal as shown in this drawing, as for P type MOS transistor 17 and N type 
MOS transistor 18, the gate is connected with the drain, respectively. And voltage VP 
and voltage VN are drawn from the ends of Resistance RC. 

[0008] Drawing 20 is the circuit diagram showing the concrete example of composition 
of the operational amplifier 104 in drawing 22 . and illustrates a P top type circuit 

10 especially. As shown in this drawing, voltage VP is supplied to the gate of P type MOS 
transistor 30, and the gate of P type MOS transistor 35. Voltage V5 is supplied to the 
gate of P type MOS transistor 31. The source of P type MOS transistors 30 and 35 is 
connected to the high potential VDD for liquid crystal. Moreover, the drain of P type 
MOS transistor 30 is connected to the source of P type MOS transistors 31 and 32. 

15 The source of N type MOS transistors 33, 34, and 36 is connected to the low voltage 
VEE for liquid crystal. Common connection of the gate of N type MOS transistors 33 
and 34 is made, and it is connected to the node of the drain of P type MOS transistor 
32, and the drain of N type MOS transistor 34. As for P type MOS transistor 31 and N 
type MOS transistor 33, drains are connected, and the node is connected to the gate of 

20 N type MOS transistor 36. The drain of P type MOS transistor 35 and the drain of N 
type MOS transistor 36 are connected mutually, and output voltage V5' is outputted 
from the node. This output voltage V5' is fed back to the gate of P type MOS transistor 
32. Between the gate of P type MOS transistor 32, and the gate of N type MOS 
transistor 36, the capacitor CP for phase compensation of the sake for oscillation 

25 prevention of this operational amplifier is connected. In addition, as for this capacitor, it 
is good for there to be nothing. 

[0009] Drawing 21 is the circuit diagram showing other examples of the operational 
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amplifier 104 in the composition of drawing 22 , and illustrates an N top type circuit 
especially. As shown in this drawing, voltage VN is supplied to the gate of N type MOS 
transistor 70, and the gate of N type MOS transistor 75. Voltage VI is supplied to the 
gate of N type MOS transistor 71. The source of N type MOS transistors 70 and 75 is 
5 connected to the low voltage VEE for liquid crystal. The drain of N type MOS transistor 
70 is connected to the source of N type MOS transistors 71 and 72. The source of P 
type MOS transistors 73, 74, and 76 is connected to the high potential VDD for liquid 
crystal. Common connection of the gate of P type MOS transistors 73 and 74 is made, 
and it is connected to the node of the drain of N type MOS transistor 72, and the drain 

10 of P type MOS transistor 74. The drain of N type MOS transistor 71 and the drain of P 
type MOS transistor 73 are connected, and the node is connected to the gate of P type 
MOS transistor 76. The drain of N type MOS transistor 75 and the drain of P type MOS 
transistor 76 are connected, and output voltage VI ' is outputted from the node. This 
output voltage VT is fed back to the gate of N type MOS transistor 72. Between the 

15 gate of N type MOS transistor 72, and the gate of P type MOS transistor 76, Capacitor 
CN is connected as an object for the phase compensation of the sake for oscillation 
prevention of this operational amplifier. 

[0010] It depends on the property [ whether the circuit of drawing 20 is used as an 
operational amplifier 104, or the circuit of drawing 21 is used ] of the potentials VI, V2, 
20 V3, V4, and V5 and the amplifier which are inputted. And all over the operational 

amplifier circuit 109, the thirig of drawing 20 and the thing of drawing 21 are loaded 
together as an operational amplifier 1 04. 

[0011] In composition which was described above, resistance of resistance R1-R6 was 
prepared in series between the high potential VDD for liquid crystal, and the low voltage 
25 VEE for liquid crystal, and potentials VI -V5 have been obtained in the partial pressure 
circuit 105 in the drive circuit 100 by carrying out resistance division of between the 
high potential VDD for liquid crystal, and the low voltage VEE for liquid crystal. Each of 
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such voltage VI -V5 is inputted into each operational amplifier 104. An operational 
amplifier 104 has the composition generally known as a voltage follower type 
constituted so that each output may be fed back to an end child, as shown in drawing 
20 and drawing 21 . That is, impedance conversion of the inputted potentials VI -V5 is 
5 carried out with potential VI ' of the completely same voltage - V5', and the power 
supply wiring 103 is supplied. Although the voltage of potential V1-V5. potential Vr - 
V5' is the same, current-supply-source capacity differs. That is, the 
current-supply-source capacity of potentials VI -V5 is determined by the resistance of 
the resistance R1-R6 which constitutes the partial pressure circuit 105. On the other 

10 hand, since the current-supply-source capacity of potential Vl* - V5' is determined by 
the current-supply-source capacity of an operational amplifier 104, the latter can take 
more output currents. Consequently, as for the power supply wiring 103 and the output 
section 102 which receive the output current of an operational amplifier 104, the load 
drive capacity to external segment / common capacitive load CS becomes large. High 

15 potential VDD for liquid crystal and potential [ which was obtained ] VV - V5' is chosen 
based on selection signals S0-S5 into the output section 102, and is supplied to a 
segment / common capacitive load CS through the external end-connection child 101. 
Thereby, the charge and discharge of the load CS are carried out, and it serves as 
predetermined voltage. 

20 [0012] Drawing 24 is a timing chart for explaining operation of the composition of 

drawing 22 . In this drawing, as for a selection signal SI and (B), (A) shows the voltage 
on which the operation amplifier current input / output processor to which 
selection-signal S4 and (C) flow to a selection signal S5, and (D) flows to an operational 
amplifier 1 04, and (E) are given to a segment / common capacitive load CS from the 

25 external end-connection child 101 of the output section 102. respectively. 

[0013] the case where a selection signal SI, S4, and S5 are serially inputted as shown 
also in drawing 24 — the external end-connection child 101 of drawing 22 — each 
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selection signal S1. S4. and S5 — corresponding — potential V — 1" V 4" V 5" V 1" is 
outputted one by one At this time, the charge and discharge of the segment / the 
common capacitive load CS connected to the external end-connection child 101 are 
carried out to such potentials. In this case, to the operational amplifier 104 in drawing 
5 22 , operation amplifier current input / output processor is flowing in the fixed size. 
Consequently, the segment / common capacitive load CS which is a load which 
constitutes a liquid crystal panel drive. 
[00141 

[Problem(s) to be Solved by the Invention] Since the conventional power supply for a 

10 liquid crystal drive is constituted as mentioned above, it has the difficulty that power 
consumption is large as follows. For example, suppose that voltage VI" is outputted to 
a segment / common capacitive load CS by the selection signal SI from the selection 
external end-connection child 101 through the transfer gate 108 (1) based on output 
VV from an operational amplifier 104 (1) so that drawing 24 may show, next — a 

15 selection signal — S4 — time — Tf — after — others — an operational amplifier — 

1 04 — ( — four — ) — from — an output — V — four — ' — being based — an output 
— V — four — " — outputting — having — ♦* — carrying out . Suppose that it 
changes to output VI " after Time Tr from output V5" almost like this. As for the inside 
of such time Tf and Tr. since a load is driven, although operational amplifier current 

20 input / output processor needs to continue flowing, operation amplifier current input / 
output processor continues flowing [ the time Ts while voltage, such as voltage 
potential V4'. does not change but continuing outputting the output of the same voltage 
value conversely ]. While [ these ] it is unnecessary, this flowing current is large to the 
grade which cannot be disregarded, and causes power consumption increase. On the 

25 other hand, in the case of a large-sized liquid crystal panel etc., the number and 

capacity of a segment / common capacitive load CS increase. For this reason, Time Tf 
and Time Tr need to become long and need to shorten Time Tf and time Tr. for this 
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reason — being alike — the operation amplifier current input / output processor which 
is current which flows regularly to an operational amplifier 104 — large — not carrying 
out — it does not obtain but a result which increases power consumption further is 
brought 

5 [0015] On the other hand, the potentials VI -V5 which are the outputs of the partial 

pressure circuit 1 05 are directly linked with potential VI ' - V5', the operational amplifier 
1 04 which needs operation amplifier current input / output processor is lost, and the 
method of measuring current reduction is also considered. That is, by making small the 
resistance of resistance R1-R6. the output-impedance dance of potentials VI -V5 can 

10 be lowered low, and the output current supplied to a segment / common capacitive load 
CS can also be enlarged. However, in the case of a semiconductor integrated circuit, 
when resistance R1-R6 was made not much small, dispersion on manufacture becomes 
large and resistance R1-R6 is further made from thin P type or an N type 
diffused-resistor layer, the substrate modulation effect by the semiconductor substrate 

15 etc. is received. For this reason, for example, even if resistance R1 becomes as 

expected value, resistance R6 has the problem of becoming an unusually big value. That 
is, it is difficult to manage resistance proper and to maintain the precision of potentials 
VI -V5 proper. What is necessary is to enlarge the resistance of resistance R1-R6, and 
just to suppress the variation on manufacture, in order to remove this. However, if it 

20 does in this way, it will not be avoided that drive capacity becomes small. For this 

reason, what resistance may become large to cannot be called realistic selection other 
than the use for the drive of the small liquid crystal panel for a clock display which does 
not need current value and the potential precision of V1-V5 so much. For this reason, 
in the large-sized liquid crystal panel which has big load-carrying capacity and needs 

25 big drive capacity, the operational amplifier 104 for impedance conversion is 
indispensable. 

[0016] In an operational amplifier, as shown in drawing 20 and drawing 21 , there are a P 
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top type and an N top type. 

[0017] Especially, in an N top type operational amplifier, if it is constant-current-ized 
and output voltage VI' is changed more highly sharply, since the transistor 75 is 
constant-current-ized, transistors 70 and 75 cannot reduce output voltage Vr 
5 promptly. In order to reduce output voltage VI ' early, it will be necessary to use what 
had a certain amount of size in the transistor 75 which is a load mechanical component, 
and the constant current which flows inevitably will also become large. For this reason, 
even while output voltage V1' is outputting voltage equal to input voltage VI. big 
current will flow to a transistor 75 and big current will be consumed. 

10 [0018] Moreover, in a P top type operational amplifier, if it is constant-currentHzed and 
output voltage V5' is changed lowness sharply, since the transistor 35 is 
constant-current-ized, transistors 30 and 35 cannot pull up output voltage V5' promptly. 
In order to pull up output voltage V5' early, it will be necessary to use what had a 
certain amount of size in the transistor 35 which is a load mechanical component, and 

15 the constant current which flows inevitably will also become large. For this reason, even 
while output voltage V5' is outputting voltage equal to input voltage V5, big current will 
flow to a transistor 35 and big current will be consumed. 

[0019] In a liquid crystal panel etc., if it sees from the semiconductor circuit side which 
drives the segment / common ** which opts for transparency (lighting) of the light to 

20 liquid crystal, and nontransparent (astigmatism LGT) of light, and which is two 

electrodes, and this load, it will be a capacity component. And a liquid crystal panel is 
enlarged increasingly and the segment / common of liquid crystal voltage or a liquid 
crystal panel used for them are also increasing by enlargement of a panel. The 
consumed electric current required to display a liquid crystal panel is dependent on 

25 f-C-V (frequency X capacity value X voltage). For this reason, increase of the 

consumed electric current is increasingly caused as the voltage and capacity which 
should be used with enlargement of a liquid crystal panel become large. 
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[0020] A personal computer, a word processor, etc. with the big liquid crystal panel are 
miniaturized in recent years, and it is becoming a book mold. Although there are 
facilities which can be carried anywhere by this, there is a problem that a battery life is 
short. That is. the demand to reduction of the power consumption of a liquid crystal 
5 panel is large. 

[0021] When a constant-voltage generating circuit as shown in drawing 19 is 
constituted to the above demands using an operational amplifier as shown in drawing 20 
and drawing 21 , though the transistor 35 of drawing 20 or the output section of 
transistor 75 grade of drawing 21 is [ the division potential VB and output voltage VB' ] 
10 equal voltage in the composition of drawing 19 because of a constant current source, it 
has always big drive capacity, and passing a constant current is continued, and there is 
a fault of causing increase of power consumption. 

[0022] In case the purpose of this invention supplies the big constant voltage of drive 
capacity to capacitive loads, such as a liquid crystal panel which is going to solve the 
15 trouble of the above-mentioned conventional technology, and enlarges, and driver 

voltage has high-voltage-ized, it is to offer the constant-voltage generating circuit and 
semiconductor integrated circuit equipment which made it possible to reduce the 
consumed electric current. 
[0023] 

20 [Means for Solving the Problem] The constant-voltage generating circuit of this 
invention carries out impedance conversion of the 1 st reference voltage. The 
impedance-conversion circuit which outputs the 2nd reference voltage of voltage equal 
to the 1st reference voltage, KOPARETA which the direct input of the above 1st and 
the 2nd two reference voltage is carried out, and reverses an output by the 1st case 

25 where the difference of such reference voltages which are two is larger than the offset 
voltage defined beforehand, and the 2nd case of being small, It connects between the 
output side of the aforementioned impedance-conversion circuit, and a power supply, a 
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control terminal is connected to the outgoing end of the aforementioned comparator, 
and it is constituted as what is equipped with the switching means turned on / turned 
off in the case of [ of the above / 1st/] the 2nd. 
[0024] 

5 [Function] When the 2nd reference voltage changes exceeding the offset voltage of a 
comparator to the 1st reference voltage, the power supply of a low impedance is 
comparatively connected to the output side of an impedance-conversion circuit through 
switching means, for example. Thereby, the 2nd reference voltage is returned to the 1st 
reference voltage. 
10 [0025] 

[Example] Hereafter, the example of this invention is explained, referring to a drawing. 
[0026] Drawing 1 is the block diagram of the constant-voltage generating circuit 
apparatus concerning one example of this invention. As shown in drawing 1 , input 
voltage Vin is outputted through the impedance-conversion circuit 1 as voltage Vin' by 

15 which impedance conversion was carried out on input voltage Vin and this voltage. The 
output of the impedance-conversion circuit 1 is given to the right input terminal of the 
operational amplifier 2 which operates as a comparator. Input voltage Vin is given to the 
negative input terminal of an operational amplifier 2. Offset is intentionally given to the 
operational amplifier 2. That is, an operational amplifier 2 compares the voltage of a 

20 right input terminal with the voltage of a negative input terminal. By making into the 

operating point the point which becomes an offset voltage difference, both the voltage 
difference reverses an output and carries out ON/OFF control of the switch 3. a switch 
3 — output voltage Vin' of the impedance-conversion circuit 1 , and voltage — VA — 
intermittence operation between power supplies is performed Incidentally, voltage VA is 

25 supplied by the low impedance. 

[0027] In composition which was described above, the operation is explained below. 
[0028] Offset is intentionally given to the operational amplifier 2. In case this reason 
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compares input voltage Vin with voltage Vin\ it is for giving specific insensible width of 
face. When the voltage difference more than offset voltage arises between input voltage 
Vin' of a right input terminal, and the input voltage Vin of a negative input terminal, an 
operational amplifier 2 performs comparison operation bordering on this operating point, 
5 and makes a switch 3 turn on. If a switch 3 turns on, voltage VA will be applied to the 
output of the impedance-conversion circuit 1 , and output voltage Vin' of the 
impedance-conversion circuit 1 will be drawn in a voltage VA side. 

[0029] It is supplied to a load, using the impedance-conversion circuit 1 as voltage Vin' 
which carried out impedance conversion of the input voltage Vin. In order that the 

10 impedance-conversion circuit 1 may reduce the consumed electric current, the output 
impedance is not set up so low. For this reason, a demand of current with an excessive 
load will reduce voltage Vin' naturally. When this sag exceeds the offset given to the 
operational amplifier 2, an operational amplifier 2 makes a switch 3 turn on based on 
comparison operation. Consequently, a power supply VA is directly linked with voltage 

15 Vin', and the lowered voltage is recovered promptly. 

[0030] The fall of voltage Vin' according to current increase as mentioned above is 
inhibited. This will be detected by the operational amplifier 2 if voltage Vin' is recovered. 
According to this, an operational amplifier 2 turns off a switch 3 and separates voltage 
VA from voltage Vin*. Consequently, voltage Vin' can hold voltage fixed irrespective of a 

20 load effect, and normal operation of a load to which voltage Vin' is supplied is secured. 
[0031] It is not necessary to give big drive capacity to the output of the 
impedance-conversion circuit 1 . For this reason, low-power-izing of the 
impedance-conversion circuit 1 is possible. When a load needs big current, output 
voltage Vin' of the impedance-conversion circuit 1 falls. An operational amplifier 2 will 

25 operate, if this sag exceeds an offset part, and it turns on a switch 3. According to this, 
the voltage VA of a low impedance will be connected to voltage Vin', and current 
required for a load will be supplied from this voltage VA side. 
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[0032] Incidentally, the offset given to an operational amplifier 2 is set as the insensible 
voltage width of face for input voltage Vin and voltage Vin' preventing the malfunction 
by the noise etc. in the case of very near voltage. 

[0033] Drawing 25 shows the symbol at the time of using an operational amplifier 2 as a 
5 comparator. As shown in drawing 25 , an operational amplifier 2 carries out operation 
which Output out reverses, when + input exceeds - input. Corresponding to this symbol, 
the circuit diagram of a P top type MOS type comparator is shown in drawing 26 , and 
the circuit diagram of an N top type MOS type comparator is shown in drawing 27 , 
[0034] In drawing 26 , the gate input of a transistor 31 is + input, and the gate input of a 
10 transistor 32 is - input. Transistors 30, 31, 32, 33, and 34 constitute the comparator. A 
comparison result is drawn from the node (drain) of transistors 35 and 36 as an output 
out. 

[0035] As mentioned above, the output section which derives an output is usually given 
to a comparator in many cases like drawing 26 . When making as a semiconductor 

15 circuit, the transistors 31 and 32 and transistors 33 and 34 of this comparator are made 
so that W/L (gate width/gate length) which shows the transistor size may become the 
same. Originally, the purpose of a comparator is to compare the difference of the plus 
voltage inputted into the gate of a transistor 31, and the voltage inputted into the gate 
of a transistor 32 with a sufficient precision. The precision of the comparison, i.e., the 

20 sensitivity difference between two input terminals, is usually 1 mV or less. 

[0036] However, offset is intentionally given to it in operating as a comparator the 
operational amplifier 2 shown in drawing 1 . That how many kinds of method exists as a 
method of giving this offset. This point is explained based on the circuit of drawing 26 . 
[0037] There is the method of adjusting as one of the methods for giving offset with the 

25 method of preparing a difference in W/L of transistors 31 and 32. and transistors 31 

and 33 and transistors 32 and 34 etc. The easy thing of adjustment of offset voltage is 
the method of preparing a difference in W/L of transistors 31 and 32. The method of 

15 



preparing a difference in gate width W, making gateHength L the same especially is 
effective. 

[0038] Now, the case where gate width of a transistor 31 is made larger than the gate 
width of a transistor 32 is temporarily considered as W/L=100 of a transistor 31, and 
5 W/L=80 of a transistor 32. In this case, in order to pass current equal to transistors 31 
and 32, it is necessary to make a gate voltage 32 higher than a gate voltage 31. Unless 
in other words it gives the gate input voltage VG32 higher than the gate input voltage 
VG31, the on resistance of a transistor 32 does not become equal to the on resistance 
of a transistor 31. 

10 [0039] And the relation between the gate input voltage VG31 of a transistor 31 and the 
gate input voltage VG32 of a transistor 32 VG31<VG32=VG31+deltaVGOFF ... (1) 
When it becomes offset voltage) of the request between the input terminals as a 
comparator, the on resistance and the flowing current of transistors 31 and 32 become 
equal, and (however deltaVGOFF become the branch point which the output signal of a 

15 comparator rotates normally or reverses, i.e., the operating point of a comparison result. 
Therefore, the offset which becomes the input voltage included in a comparator 
deltaVGOFF can be given by changing W/L of transistors 31 and 32. 
[0040] And thing for which W/L of a transistor 32 is made smaller than W/L of a 
transistor 31 VG31<VG32-deltaVGOFF ... (2) 

20 It is got blocked at the time of **** gill ****. VG32-VG31>deltaVGOFF ... (2') 

When it becomes. It means that big voltage had been given by + input terminal from a 
part for predetermined offset voltage deltaVGOFF, and the signal of a low level (GND 
level) Is outputted to Output out rather than it at - input terminal of a comparator. 
[0041] On the contrary. It compares with - input terminal of a comparator with + input 

25 terminal. VG31>VG32-deltaVGOFF ... (3) 

It is got blocked at the time of **** gill ****. VG32-VG31<deltaVGOFF ... (3') 
When it becomes, the voltage of + input terminal does not have a bigger voltage 
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difference than a part for predetermined offset voltage deltaVGOFF to the voltage of - 
input terminal of a comparator. For this reason, the signal of high level (VDD level) is 
outputted to Output out. 

[0042] On the contrary, as W/L=80 of a transistor 31. and W/L=100 of a transistor 32, 
5 when gate width of a transistor 31 is made smaller than the gate width of a transistor 
32, how to give offset voltage can be changed. At this time, W/L of a transistor 31 is 
smaller than W/L of a transistor 32. For this reason, if it is going to give the same 
current as a transistor 32, i.e.. the same on resistance, to a transistor 31. it is 
necessary to add additional voltage, i.e.. offset voltage, deltaVGOFF to a transistor 31 
10 further at the gate input voltage VG31. 

[0043] Therefore, when W/L of a transistor 31 is smaller than W/L of a transistor 32 

VG31 -delta VGOFF>VG32 ... (4). 

namely, — VG31 >VG32-deltaVGOFF ... (40 

When the input voltage of + input terminal becomes larger than a part for offset 
15 deltaVGOFF voltage from the input voltage of - input terminal with elevation of the 

input voltage of a next door and + input terminal, the comparison output out serves as 
high level (VDD level). 

[0044] One side VG31 -delta VGOFF<VG32 ... (5) 
namely, ~ VG31<VG32-deltaVGOFF ... (50 
20 When the input voltage of a next door and + input terminal does not become larger than 
a part for offset deltaVGOFF voltage from the input voltage of - input terminal, the 
comparison output out serves as a low level (GND level). 

[0045] That is, offset voltage can be set up by making one W/L of the transistors 31 
and 32 larger than W/L of another side. That is, the case where it thinks on the basis of 
25 a transistor 31 is explained. Suppose that W/L of a transistor 32 is smaller than W/L of 
a transistor 31. In this case, the voltage from which this comparator carries out 
comparison operation, and the highness/low of Output out change needs the voltage for 
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offset delta VGOFF for - input terminal side. On the other hand, when W/L of a 
transistor 32 is larger than W/L of a transistor 31 , only the voltage of offset part 
deltaVGOFF of the voltage which carries out comparison operation may be low at - 
input terminal side. 

5 [0046] The above thing becomes opposite when it thinks on the basis of a transistor 32. 
Suppose that W/L of a transistor 31 is smaller than W/L of a transistor 32. in this case, 
the voltage from which this comparator carries out comparison operation, and the 
highness/low of Output out change — + input terminal side — a part for offset 
deltaVGOFF — the voltage which carries out comparison operation required [ high 

10 voltage ] when W/L of a transistor 31 is larger than W/L of a transistor 32 is good on 
the low voltage of offset part deltaVGOFF at + input terminal side 
[0047] Incidentally, even if it replaces the size of W/L of transistors 31 and 32, neither 
the meaning of ~ input terminal and + input terminal nor the polarity of an output 
changes, but only changes the comparison operating point as a comparator. 

15 [0048] In drawing 27 , the gate Input of a transistor 71 is + input, and the gate input of a 
transistor 72 is - input. Transistors 70, 71, 72, 73, and 74 constitute a comparator. A 
comparison result is drawn fi^om the drain of transistors 75 and 76 as an output out. 
[0049] Also in such an N top type, offset can be given to the voltage between two input 
terminals to the operating point by making W/L of a transistor 71 larger than W/L of a 

20 transistor 72. 

[0050] That is, it sets in the relation between the gate input voltage VG71 of a 
transistor 71, and the gate input voltage VG72 of a transistor 72. 
VG71<VG72-deltaVGOFF ... (6) 
Jamming VG72-VG71>deltaVGOFF ... (6') 
25 If voltage only with big offset voltage delta VGOFF is impressed to - input terminal side 
at least rather than + input terminal side so that it may become, Output out will serve 
as a low level (GND level). 
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[0051] When the voltage difference the voltage by the side of - input terminal and by 
the side of + input terminal is smaller than offset voltage deltaVGOFF on the other 
hand VG71>VG72-deltaVGOFF ... (7), 
Jamming VG72"VG71<deltaVGOFF ... (7') 
5 It comes out, and it is and Output out serves as high level (VDD level). 

[0052] On the contrary, when W/L of a transistor 71 is made smaller than W/L of a 
transistor 72 that is, the case where W/L of a transistor 72 is made larger than W/L of 
a transistor 71 is considered. In this case, rather than the gate input voltage VG71 
given to a transistor 71, if the gate input voltage VG72 given to a transistor 72 is given 
10 as a bigger thing at least than ofFset voltage deltaVGOFF, it will be got blocked. 
VG71 -delta VGOFF>VG72 ... (8) 
Jamming VG71-VG72>deltaVGOFF ... (80 
If it becomes. Output out will serve as high level (VDD level). 

[0053] When the gate input voltage VG71 given to a transistor 71 on the other hand is 
15 not larger than offset voltage deltaVGOFF from the gate input voltage VG72 given to a 
transistor 72 VG71-deltaVGOFF<VG72 ... (9), 
Jamming VG72-VG71<deltaVGOFF ... (9') 

It comes out, and it is and Output out serves as a low level (GND level). 

[0054] That is, generating of offset voltage can be set up by making one W/L of the 

20 transistors 71 and 72 larger than W/L of another side. It will be as follows if it thinks on 
the basis of a transistor 71. That is, suppose that W/L of a transistor 72 is smaller than 
W/L of a transistor 71. In this case, the voltage from which this comparator carries out 
comparison operation, and the highness and low of Output out change needs the 
voltage difference for offset deltaVGOFF for - input terminal side. On the other hand, 

25 suppose that W/L of a transistor 72 is larger than W/L of a transistor 71. In this case, 
the voltage from which this comparator carries out comparison operation, and the 
highness and low of Output out change may be [ only the voltage difference for offset 
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delta VGOFF of the input voltage by the side of - input terminal ] low. 
[0055] On the contrary, if based on a transistor 72, an opposite thing can completely be 
said. That is, suppose that W/L of a transistor 72 is larger than W/L of a transistor 71. 
In this case, the voltage of + input terminal side from which this comparator carries out 
5 comparison operation, and the highness and low of Output out change may be [ the 
voltage difference for offset delta VGOFF ] low. Suppose that W/L of a transistor 71 is 
smaller than W/L of a transistor 72. In this case, the voltage from which this 
comparator carries out comparison operation, and the highness and low of Output out 
change will say that the voltage difference for offset deltaVGOFF is required as input 

10 voltage by the side of + input terminal. 

[0056] As mentioned above, comparator operation can be carried out when a bigger 
voltage difference than offset voltage occurs between the voltage of + input terminal, 
and the voltage of - input terminal by preparing offset voltage between + input terminal 
of a comparator, and - input terminal. 

15 [0057] Drawing 2 shows the 1st example of the composition of drawing 1 . The 

composition which applied GND voltage as voltage VA is illustrated using the voltage 
follower type operational amplifier 4 as an impedance-conversion circuit 1 , using MOS 
transistor 5 of N channels respectively as a switch 3. That is. most output Impedances 
can be theoretically disregarded to a GND voltage side. In addition. N top type 

20 composition as shown in drawing 21 as an operational amplifier 4 is applied. 

[0058] An operational amplifier 4 has voltage follower type composition so that clearly 
also from drawing 21 . The output has composition which derives the voltage of + input 
terminal as output voltage as it Is by negative feedback. Consequently, input voltage Vin 
is drawn as voltage Vin' by which impedance conversion was carried out. However. 

25 naturally the current drive capacity to hit drawing current from a load has a limit. As the 
result, when the power surge more than the offset part of an operational amplifier 2 
arises in voltage Vin', an operational amplifier 2 reverses the output and MOS transistor 
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5 turns on. Voltage Vin' is lowered to a GND voltage side with ON of MOS transistor 5. 
In the meantime, the load current flows to the GND side. For this reason, it is not 
necessary to draw excessive current in the impedance-conversion circuit 1 from a load. 
That is, as an impedance-conversion circuit 1 , low-power type composition is 
5 applicable. 

[0059] Drawing 3 shows the 2nd example of the composition of drawing 1 . In the 
composition of drawing 2 , the composition which connected the constant current 
source 6 to MOS transistor 5 is illustrated. 

[0060] In drawing 3 , input voltage Vin is drawn through an operational amplifier 4 as 
10 voltage Vin' by which impedance conversion was carried out. However, naturally the 

current drive capacity to hit drawing current from a load has a limit. As the result, when 
the power surge more than the offset part of an operational amplifier 2 arises in voltage 
Vin'. an operational amplifier 2 reverses the output and MOS transistor 5 turns on. The 
load current flows to a constant-current-source 6 side with ON of MOS transistor 5. 
15 For this reason, voltage Vin' returns to predetermined voltage. Since the load current 
flows to a constant-current-source 6 side in the meantime, the level luffing motion of 
the excessive current from the load to the impedance-conversion circuit 1 is 
unnecessary. That is, as an impedance-conversion circuit 1 , low-power type 
composition is applicable. 
20 [0061] Drawing 4 shows the 3rd example of the composition of drawing 1 . In drawing 3 , 
the composition which applied resistance 7 to the impedance-conversion circuit 1 is 
illustrated. 

[0062] In drawing 4 , input voltage Vin is drawn as voltage Vin' of a high impedance 
through resistance 7. However, the current drive capacity to hit drawing current from a 
25 load is restricted by the output impedance of input voltage Vin, and the impedance of 
resistance 7. Consequently, since the large load current cannot be taken, if a load 
becomes heavy, naturally output voltage Vin' will go up. When voltage Vin' carries out a 
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power surge more than the offset part of an operational amplifier 2, an operational 
amplifier 2 reverses the output and MOS transistor 5 turns on. The load current flows 
to a constant-current-source 6 side with ON of MOS transistor 5. For this reason, 
voltage Vin' returns to predetermined voltage promptly. Since the load current flows to 
5 a constant-current-source 6 side in the meantime, the level luffing motion of the 

excessive current from the load to the impedance-conversion circuit 1 is unnecessary. 
As an impedance-conversion circuit 1 , since resistance 7 is only contained in series, 
most power consumption at the time can usually be disregarded. 
[0063] Drawing 5 shows the 4th example of the composition of drawing 1 . This 
10 illustrates the composition which reverses the output of an operational amplifier 2 by 
the inverter 8 which replaced + input terminal and - input terminal of an operational 
amplifier 2, and was made to reverse the output condition of an operational amplifier 2, 
and was connected to the output line 9. and was given to the gate of MOS transistor 5 
in drawing 2 . 

15 [0064] In drawing 5 , when voltage Vin' turns on predetermined voltage rather than input 
voltage Vin, offset of an operational amplifier 2 is set up so that the operating point may 
be reached. Consequently, an operational amplifier 2 performs a right output by the 
normal state. If voltage Vin' goes up and it exceeds input voltage Vin rather than the 
offset voltage difference of an operational amplifier 2 with increase of the load current, 

20 an operational amplifier 2 will come to perform a negative output. An inverter 8 reverses 
the signal on the output line 9 of an operational amplifier 2, and gives it to the gate of 
MOS transistor 5. For this reason, if an operational amplifier 2 performs a negative 
output, MOS transistor 5 turns on. This draws the load current In the GND side, and 
output voltage Vin' of the impedance-conversion circuit 1 is pulled back to the GND 

25 side. 

[0065] In drawing 2 . and 3 and 5, when an N top type operational amplifier as shown in 
drawing 21 as an operational amplifier 4 is used, operate, and a transistor 76 is in a 
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transistor 75 and mutual, and makes output voltage VI ' equal to input voltage VI . 
Originally, its drive capacity is high, and a transistor 76 cannot be overemphasized by 
fully having capacity, when pulling up voltage VT on high voltage. However, the 
transistor 75 is constant-current-ized. For this reason, the capacity which pulls change 
5 of voltage VI ' to a GND voltage side early more is missing. 

[0066] On the other hand, when voltage Vin' becomes high voltage, in order to reduce 
this promptly. MOS transistor 5 turns on and drawing 2 , and 3 and 5 share the load 
current. For this reason, for example, by drawing 21 , the constant current usually 
passed to a transistor 75 can be made small. That is, what is necessary is to give only 

10 the minimum current capacity required for a transistor 75 in order to hold input voltage 
Vin and voltage Vin' similarly. For this reason, input voltage Vin and output voltage Vin' 
do not almost need to pass unnecessarily big current in an operational amplifier 4, when 
equal. Thereby, it not only can reduce the consumed electric current sharply, but it can 
improve flattery nature to voltage Vin' of input voltage Vin. 

15 [0067] In addition, in the above-mentioned example, it is as having said also in advance 
that there are various methods about how to give offset of operation increase amplifier. 
The offset given to a comparator can be arbitrarily chosen by the flattery nature of 
voltage Vin' to input voltage Vin, the logical organization of other circumference circuits, 
etc. 

20 [0068] Drawing 6 is the block diagram of the constant- voltage generating circuit 
concerning the 2nd example of this invention. Drawing 6 shows the example which 
applied VDD voltage as voltage VA using the voltage follower type operational amplifier 
4 as an impedance-conversion circuit 1 in drawing 1 , using MOS transistor 10 of P 
channels as a switch 3. That is, a VDD voltage side has a low output impedance very 

25 much. In addition, as an operational amplifier 4, P top type composition as shown in 
drawing 20 is applied. 

[0069] An operational amplifier 4 has voltage follower type composition, and has 
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composition which derives the voltage of + input terminal as output voltage as it is by 
carrying out negative feedback of the output so that clearly also from drawing 6 . 
Consequently, although input voltage Vin is drawn as voltage Vin' by which impedance 
conversion was carried out, naturally the current drive capacity to hit supplying current 
5 to a load has a limit. As the result, when voltage Vin' carries out sag more than the 
offset part of an operational amplifier 1 1 , an operational amplifier 1 1 reverses the 
output and MOS transistor 10 turns on. Voltage Vin' can be pulled up to a VDD voltage 
side with ON of MOS transistor 10. since the load current is supplied from the VDD 
side in the meantime — the excessive current from the impedance-conversion circuit 1 
10 to a load — flowing out — it is unnecessary That is. as an impedance-conversion 
circuit 1 , low-power type composition is applicable. 

[0070] Now. in drawing 6 , when composition like drawing 20 is applied as an operational 
amplifier 4, a transistor 36 acts each other on a transistor 35 and mutual, and output 
voltage V5' becomes equal to input voltage V5. Originally a transistor 36 has high drive 
15 capacity, and when reducing voltage V5' on low voltage, fully having capacity cannot be 
overemphasized. However, since the transistor 35 is constant-current-ized. the 
capacity which pulls change of voltage V5' to the quantity potential power supply VDD 
side early more is missing. 

[0071] On the other hand, MOS transistor 10 turns on and drawing 6 shares the load 
20 current, in order to pull up this promptly, when voltage Vin' becomes low voltage. For 
this reason, for example, by drawing 20 , the constant current usually passed to a 
transistor 35 can be made small. That is, what is necessary is to give only the minimum 
current capacity required as a transistor 35, in order to hold input voltage Vin and the 
voltage of voltage Vin' similarly. For this reason, input voltage Vin and output voltage 
25 Vin' do not almost need to pass unnecessarily big current in an operational amplifier 4, 
when equal. Thereby, it not only can reduce the consumed electric current sharply, but 
it can improve flattery nature to voltage Vin' of input voltage Vin. 
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[0072] Drawing 7 is the block diagram of the constant-voltage generating circuit 
concerning the 3rd example of this invention. As shown in drawing 7 . input voltage Vin 
is outputted through the impedance-conversion circuit 1 as voltage Vin' by which 
impedance conversion was carried out on input voltage Vin and this voltage. The output 
5 of the impedance-conversion circuit 1 is given to the right input terminal of two 
operational amplifiers 2 and 1 1 which operate as a comparator. Input voltage Vin is 
given to the negative input terminal of each operational amplifiers 2 and 11. Operational 
amplifiers 2 and 1 1 have given offset different, respectively intentionally, compare the 
voltage of a right input terminal with the voltage of a negative input terminal, by making 

10 into the operating point the point with which both become an offset voltage difference, 
reverse the output and carry out ON/OFF control of the switches 3 and 13, 
respectively. A switch 3 performs intermittence operation between output voltage Vin' 
of the impedance-conversion circuit 1 , and GND. A switch 1 3 performs intermittence 
operation between output voltage Vin' of the impedance-conversion circuit 1, and the 

15 high potential power supply VDD. Incidentally, both GND voltage and the high potential 
power supply VDD serve as a low impedance. 

[0073] In composition which was described above, the operation is explained below. 
[0074] Offset is intentionally given to operational amplifiers 2 and 1 1 . In case this 
reason compares input voltage Vin with voltage Vin', it is for giving specific insensible 

20 width of face. When the voltage difference of a more than equivalent to offset arises, 
operational amplifiers 2 and 1 1 perform comparison operation bordering on this 
operating point, and make switches 3 and 1 3 turn on between input voltage Vin' of a 
right input terminal, and the input voltage Vin of a negative input terminal. If a switch 3 
turns on, it will connect with GND and the output of the impedance-conversion circuit 1 

25 will reduce output voltage Vin' of the impedance-conversion circuit 1 to a GND voltage 
side. On the other hand, if a switch 1 3 turns on, it will connect with the high potential 
power supply VDD. and the output of the impedance-conversion circuit 1 will pull up 
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output voltage Vin' of the impedance-conversion circuit 1 to the high potential power 
supply VDD side. 

[0075] Now, input voltage Vin is drawn by the impedance-conversion circuit 1 as 
voltage Vin' by which impedance conversion was carried out. Naturally the current drive 
5 capacity to hit drawing current from a load has a limit. As the result, when the power 
surge more than the offset part of an operational amplifier 2 arises in voltage Vin', an 
operational amplifier 2 reverses the output and a switch 3 turns on. Voltage Vin' is 
pulled back with ON of a switch 3 at a GND voltage side. Since the load current flows 
to the GND side in the meantime, the level luffing motion of the excessive current from 

10 the load to the impedance-conversion circuit 1 is unnecessary. 

[0076] On the other hand, naturally the current drive capacity to hit supplying current 
to a load from the impedance-conversion circuit 1 also has a limit. As the result, when 
the sag more than the offset part of an operational amplifier 1 1 arises in voltage Vin', an 
operational amplifier 1 1 reverses the output and a switch 1 3 turns on. although voltage 

15 Vin' can be pulled up to a VDD voltage side with ON of a switch 1 3, since the load 

current is supplied from the VDD side in the meantime — the excessive current from 
the impedance-conversion circuit 1 to a load — flowing out — it is inhibited 
[0077] Drawing 8 shows the example of the composition of drawing 7 , and shows the 
example using MOS transistor 1 0 of P channels as a switch 1 3 using the voltage 

20 follower type operational amplifier 4 as an impedance-conversion circuit 1, using MOS 
transistor 5 of N channels as a switch 3. 

[0078] An operational amplifier 4 has voltage follower type composition, and has 
composition which derives the voltage of + input terminal as output voltage as it is by 
carrying out negative feedback of the output so that clearly also from drawing 8 . 
25 Consequently, input voltage Vin is drawn as voltage Vin' by which impedance conversion 
was carried out. 

[0079] In drawing 8 , the operation is almost the same as the composition of drawing 7 . 
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Therefore, what is necessary is just to perform minimum constant-current operation 
unnecessary the big current drive capacity as an operational amplifier 4 and required to 
hold input voltage Vin and voltage Vin' on the same voltage. For this reason, the power 
consumption of an operational amplifier 4 can be reduced sharply. Moreover, it is made 
5 to recover the voltage of voltage Vin' with the high potential power supply VDD and 

GND potential of a low impedance comparatively. For this reason, the flattery nature of 
voltage Vin' to input voltage Vin can be improved. 

[0080] It shall apply to the conventional power circuit for liquid crystal displays which 
showed the composition shown in drawing 2 , and the composition shown in drawing 6 
10 to drawing 14 in each above example as it is. That is, in drawing 22 , the case where 

apply the circuit of drawing 2 to the circuit which carries out impedance conversion to 
voltage V2' from voltage V2, and the circuit of drawing 6 is applied to the circuit which 
carries out impedance conversion to voltage V3' and V4' from voltage V3 and V4 is 
considered. 

15 [0081] In this case, as shown in the timing chart of drawing 9 , although especially the 
consumed electric current input / output processor of each operational amplifier 
increases only when consumed at the time of the output of SEG/COM, i.e., voltage VI ' 
- V5', there is at the time of other steady states, and it is sharply reduced by the whole 
average at it. [ comparatively little ] Consequently, in the case of the power circuit for 

20 liquid crystal displays which uses an impedance-conversion circuit abundantly, the 
power consumption can be reduced sharply. 

[0082] Drawing 10 is a block diagram at the time of applying the constant-voltage 
generating circuit of this invention to a low-battery power supply. As shown in drawing 
10 , in the noninverting amplifier 15, voltage VO is inputted by + input terminal of an 
25 operational amplifier 14, and - input terminal is connected to GND through Resistance 
Rs, and negative feedback of the output of an operational amplifier 14 is carried out 
through Rf. The output of a noninverting amplifier 1 5 is inputted into the voltage 
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stabilizer 16 which has the composition of this invention. Incidentally, the case where 
the composition of drawing 2 is applied as a voltage stabilizer 16 is illustrated. 
[0083] In the above composition, a noninverting amplifier 15 amplifies input voltage VO 
twice (1+Rf/Fs), and outputs voltage (1+Rf/Fs) VO. The voltage stabilizer 15 which 
5 undergoes this output outputs voltage (1+Rf/Fs) VO'. If the load current increases and 
the output voltage of a voltage stabilizer exceeds a part for the offset voltage of an 
operational amplifier 2 when supplying this output voltage to other circuits, MOS 
transistor 5 will turn on. the load current will be drawn in the GND side, and output 
voltage will be reduced. Consequently, as a constant voltage power supply, usually, at 
10 the time, it is the very few consumed electric current which Is not so large, and the load 
current will carry out impedance conversion of the output of a noninverting amplifier 1 5, 
and will output outside. 

[0084] That Is. the constant-voltage generating circuit apparatus of this invention can 
constitute the good source of a constant voltage of flattery nature from the constant 
15 consumed electric current by incorporating as a part of source of a constant voltage. 
[0085] An example which is further different in drawing 1 1 is shown. Drawing 1 1 shows 
the voltage stabilizer characterized by replacing with Vin of drawing 1 and inputting 
voltage Vin" to the minus input of a comparator 2. 

[0086] Drawing 1 2 has shown the case where it corresponds to drawing 1 1 . 

20 [0087] Like conventional drawing 22 , the case where carry out resistance division and 
reference voltages VI -V5 are made using a resistance element is considered. The 
partial pressure circuit 1 05 of drawing 22 is constituted as shown in drawing 1 3 . And it 
is VV" to Vin of drawing 12 about VI Vin'" It inputs. And the voltage of VI obtained by 
drawing 22 and drawing 12 Is 5V and VI'". Resistance is set up so that It may be set to 

25 5.1V. This is set to V1=Vin=5V and Vl"' =Vin"=5.1V. And output Vin' of drawing 12 is 
changed in the drawing 1 1 row. and suppose that input voltage 5.1V of Vin" were 
exceeded. If comparator 2A which does not give offset is used at this time, an output 
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will be reversed in 5.1V, and Vin' will make a transistor turn on, and will carry out the 
work which reduces Vin' to the GND side. And when Vin' falls from 5.1V, the output of 
comparator 2A is reversed and a transistor 5 is turned off. Thus, you may input 3rd new 
reference voltage Vin" into comparator 2A. Moreover, as shown in drawing 13 , it is the 
5 3rd reference potential Vin'" arbitrarily by resistance ratio. When it enables it to set up, 
it is necessary not to dare prepare offset in comparator 2A. To comparator 2A, it was 
made to be based on resistance, and it is [ direction ] more easy and is certain rather 
than it designs and sets up offset voltage with a transistor. Of course, it cannot be 
overemphasized that the further offset may be prepared in comparator 2A. However, it 

10 is clear for the voltage setup by resistance division to be easier. 

[0088] Moreover, the impedance-conversion circuit in drawing 1 1 and drawing 1 2 can be 
made into a resistance element, or can also be made into a constant current source as 
shown in drawing 3 . and cannot be overemphasized by that such various kinds of 
deformation and application are possible. 

15 [0089] Drawing 14 shows a further different example. In drawing 14 , 30 is the field 
effect transistor of the 1 st conductivity type. The gate is connected to Vin and the 
drain is connected to Vin' for the source of this transistor 30 at VA, respectively. 
[0090] Drawing 1 5 transforms a part, when materializing drawing 1 4 further. The 
transistor 31 in here consists of P channel type MOS transistors. Now, suppose that 

20 Vin' was changed (elevation) in this circuit. And Vin' presupposes that it becomes large 
rather than it is expressed with formula Vin'-Vin>=VTHP (threshold voltage [ in / a 
transistor 31 / in VTHP ]). Then, a transistor 31 carries out the work which turns on, 
and reduces Vin' which went up to the GND side (when VA is set to GND). Therefore, 
you may constitute the operational amplifier 4 in the small thing of the drive capacity of 

25 a transistor 75 like drawing 21 . That is, when Vin' goes up, a transistor 31 carries out 
the work which reduces the Vin'. And since the field effect transistor was used as a 
transistor 31, the more it changes Vin' sharply, the on resistance of a transistor 31 

29 



tends to become small and, the more tends to reduce Vin' more powerfully. On the 
contrary, if Vin' approaches Vin, an on resistance will become high and a transistor 31 
will stop being able to cause undershoot of Vin' exceeding Vin easily. Since it has such 
a merit, the property which followed in footsteps of potential change of Vin' can be 
5 acquired. In addition, the difference (offset) with Vin and Vin' [ in / the 

impedance-conversion circuit 1 / usually ] is VTHP of a transistor 31. A small thing 
cannot be overemphasized. 

[0091] VA is a high voltage VDD and drawing 16 shows the case where the field effect 
transistor (N channel type MOS transistor 32) of the 2nd conductivity type is used as a 
10 transistor 32. 

[0092] The gate is connected to Vin and the drain is connected to Vin' for the source 
of a transistor 32 at VDD. Vin' has fallen greatly now and the potential Vin-Vin' is the 
threshold voltage VTHN of a transistor 32. When it exceeds, a transistor 32 turns on. A 
transistor 32 carries out the work which pulls up Vin' which descended to the VDD side. 
15 And a transistor 32 will be set to being turned off, if Vin' approaches Vin and reaches 
threshold voltage like drawing 15 . The descent in this case is the same as that of 
drawing 1 5 . 

[0093] Drawing 1 7 transposes an impedance-conversion circuit to a resistance element 
7 from an operational amplifier 4, and prepares a constant current source in the source 

20 side of the transistor 31 in drawing 15 while it has both drawing 15 and drawing 16 . 

When Vin' is changed also in such a circuit, a transistor 31 or either of 32 turns on, and 
the work which pulls back Vin' to the potential of Vin is carried out. In addition, it 
cannot be overemphasized that it is good at the operational amplifier which showed the 
impedance-conversion circuit 1 to drawing 15 and drawing 16 with the natural thing. 

25 [0094] Drawing 18 shows a further different example. Here, it is the gate input of the 
transistor 31 in drawing 15 The 3rd reference potential Vin'" It is carrying out. 
[0095] It is Vin'" so that stable potential (Vin'"-Vin') almost equal to Vin, i.e., gate bias 

30 



potential, may not have output Vin' [ good ] for the threshold VTHP voltage of a 
transistor 31 in drawing 18 . It is set as arbitrary potentials. If output Vin' is changed at 
this time, it is made for a transistor 31 to turn on. Thus, it is also possible to input the 
3rd reference potential. 
5 [0096] 

[Effect of the Invention] As stated above, the constant-voltage generating circuit of 
this invention In supplying input voltage to a load through an impedance-conversion 
circuit by making voltage almost equal to input voltage into output voltage Since it 
constituted so that it might depend on other power supplies for the load current when 
10 there was output voltage change which exceeds the operating point of a comparator 
with the comparator (comparator) which gave offset for output voltage intentionally as 
compared with input voltage While being able to reduce the consumed electric current 
of an impedance-conversion circuit, the flattery nature of the output voltage to input 
voltage can be improved. 

15 

DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 
20 [Drawing 1] It is the block diagram of the constant-voltage generating circuit 
concerning one example of this invention. 

[Drawing 2] It is the block diagram showing the 1st example of the composition of 
drawing 1 . 

[Drawing 3] It is the block diagram showing the 2nd example of the composition of 
25 drawing 1 . 

[Drawing 4] It is the block diagram showing the 3rd example of the composition of 
drawing 1 . 
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[Drawing 5] It is the block diagram showing the 4th example of the composition of 
drawing 1 . 

[Drawing 6] It is the block diagram of the constant-voltage generating circuit 
concerning the 2nd example of this invention. 
5 [Drawing 7] It is the block diagram of the constant-voltage generating circuit 
concerning the 3rd example of this invention. 

[Drawing 8] It is the block diagram showing the example of the composition of drawing 
7 . 

[Drawing 9] It is a timing chart for explaining operation at the time of applying this 
10 invention to the power supply for a liquid crystal drive of drawing 22 . 

[Drawing 10] It is a block diagram at the time of applying this invention to the source of 
a constant voltage. 

[Drawing 11] It is the block diagram of the example from which this invention differs 
further. 

15 [Drawing 12] It is the block diagram showing the example of drawing 1 1 . 

[Drawing 13] It is the circuit diagram showing an example of a partial pressure circuit. 
[Drawing 14] It is the block diagram of the example from which this invention differs 
further. 

[Drawing 1 5] It is the block diagram of the deformation example of drawing 1 4 . 
20 [Drawing 16] It is the block diagram of the example from which this invention differs 
further. 

[Drawing 1 7] It is the block diagram of the example from which this invention differs 
further. 

[Drawing 18] It is the block diagram of the example from which this invention differs 
25 further. 

[Drawing 19] It is the block diagram of the conventional constant-voltage generating 
circuit. 
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[Drawing 20] It is the circuit diagram showing the example of of P top MOS type 
operational amplifier. 

[Drawing 21] It is the circuit diagram showing other examples of of N top MOS type 
operational amplifier. 

5 [Drawing 22] It is the block diagram showing the example of the well-known power 
supply for a liquid crystal drive. 

[Drawing 23] It is the circuit diagram showing the example of the reference supply 
circuit in the composition of drawing 22 . 

[Drawing 24] It is a timing chart for explaining operation of the power supply for a liquid 
10 crystal drive of drawing 22 . 

[Drawing 25] It is the symbol view of a comparator. 

[Drawing 26] It is the circuit diagram showing an example of a comparator. 
[Drawing 27] It is the circuit diagram showing other examples of a comparator. 
[Description of Notations] 
15 1 Impedance-Conversion Circuit 

2, 4, 11, 12, 14,104 Operational amplifier 
3 13 Switch 

5, 10. 17, 18 MOS transistor 
6 Constant Current Source 
20 7 Resistance 
9 Output Line 

1 5 Noninverting Amplifier 

1 6 Voltage Stabilizer 
1 00 Drive Circuit 

25 101 External End-Connection Child 

102 Output Section 

103 Wiring 
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105 Partial Pressure Circuit 

106 Reference Supply Circuit 

1 09 Operational Amplifier Circuit 
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VG 3 1 >VG 3 2 - A VGO F 



«rW¥ 6 - 1 6 1 5 7 0 
10 

[ 0 0 3 5 ] ^:X±(D^o\Z. ii^, 3>AU-5'fCfi. 

COlt»gB(^ h7>v;^5' 3 1 . 32i3j: 
r;K'7>S?;^r5' 3 3, 3 4 ^ai«c[El8S i LTf^ 

7;^«Eih7>s;x5'320y-h{cA:t^$n-5i[E 

'^^O2t5<OA:^3f3^Pfl0/Sg||tta«lmViUT 

[ 0 0 3 6] bf)^b. mi\z7r:rmnmm^2\z\t. n 

T(^. ^ii 0 ;5^0:;^^75i^§, C(0,*[fCOI.^T, 02 6 

[ 0 0 3 7 ] ;t7-t:y 1 -rptb 

X\t. h^>v;:^:$' 3 1 , 3 2 (75 W/ L fC ^ ^ tt * 
?^<h. h^>v;^^3l. 33th^>i?X^32. 3 
4 <hTi^ST^:^^^;5^^'5o ^ 7 ir 7 h mE<^i^§0 
gS^'JlOf:*, N^>yX3'3K 3 2 cow/ L fcM^IS 

- hmw\zm^m'f^:^f^f)i^iSir^i. 

( 0 0 3 8 ] {SfC, h^>vX^ 3 1 OW/L= 1 
00. hy>i?7.^ 3 2<DWyL = S 0 tbX. hy> 
1^7.^ 3 loy-h^^hy>z^X9 3 2(0^'- Klicfc 

31. 3 2 fc^bv^mai^^-rjcji. h^E 3 2 ^ 
y-hmE3 ickot)i^<r^'£>g7:/^^'5, mi^^^^^s 

h A:^rl|EVG 3 1 ^ 0 ^bfiSi^^y- NA:^jmE 
VG 3 2 h^VvA;^' 3 2 <^5f >IS^fi h 

"^V^A^ 3 10:t>ffii5ii:l?L<;^ie>;il^o 
[ 0 0 3 9 ] -^LT. h^>vX3' 3 1 oy- h A:^/m 
EVG3 \t\>y>iyX^3 2 (Df - V Xll^JLV Q 3 

2 to^m^. 



AVGOFF •••(1) 
'J7s^3\. 32(D^/L^^X^Ct\Z^y). Z2 > 
U-:$^tCA'5A:^mE{C A V GO FFU^:ty±yh^ 

[ 0 0 4 0 ] ^bX. hy>V7s9 3 2<D'N/h^hy 
>vA^ 3 1 <D^'/L^y)%^b'^<t^Zt\Z^y). 
F • • • (2) 

F • • • (2 ' ) 

[ 0 0 4 1 ] 3>/1U-i^<7)-A:^a^tc + A:^ 

F • • • (3) 



( 7 ) 



-16 15 7 0 



11 



12 



VG32-VG3KAVGOFF 



• • • (3 ' ) 

t>t>^y±.y hSEA VG O F F ^^JD;l^£^^;)^'$)^, 
(0 0 4 3 ]t¥-pT. >i^7.^ 3 l(D^N/Lf)^hy 



o u UcttA-r (VDD l^'^;!/) 

[ 0 0 4 2 ]iffi{C, h^>vX^ 3 1 0[)W/L= 8 0. 
h^>>?7.*' 3 2 ©W/L= 1 0 0 LT, h^>>?;^ 
^3 1 oy- hig* h7>i^X:$^ 3 2(^y-hiBJ:0t) 10 

VG31-AVGOFF>VG3 2 •••(4) 

VG 3 1 >VG 3 2 - A VGO F F (4') 
tf3ir). -^Xt^^(DXtinBE(D±^\Z^r>X. +Xt} lt^a5:^o u t «/N-r U^;!' (VDD U^;i/) 

V h ^vGO¥¥^,E.^^^±t<f^^'tt^^\z. ^(o 

VG 3 1 - A VGO F F<VG 3 2 • • • (5) 

VG 3 KV G 3 2 - A V GO F F ... (5') 



ti^^. '^Xfj^'FOX:hmEEi}^. -Xtim^cDXfim 

^M^^ft^^\t. ^(Dttt&ato u t \tn^U^)l 
(GNDU^;!/) tfS.^. 

[ 0 0 4 5] tt^t>t>. hy>i^X^31. 32c^V^-r 

0, N^>i^X^ 3 1 $S¥fC3^;t3t«^{C'Dl>TK^ 
2 OW/L7!)^/h$ (/iiiT-So Cco^^. C O n >/\' 30 
«£E«, -A*a^fiOfC:t:7lry h A VGOF F^om 

/LJ;0t)h^>vX^3 2 <DW/'Lt^±t\^'^iii'^\t. 

G O F F <7)«ffife*tt(£ < T J: d ^ ^. 
to 0 4 6] JK±(7?C^«, h7>vX5^3 2^S*fC 
#X./tii^{CJi, SMJC^^^o N 7 > vX^ 3 2 (7)W/ 
L J: 0 t) h 7 >S^X 37 3 1 OW/LTi^/jN^ V^<i:-r d 

VG7 KVG72-AVGOFF 



VyyVT.^ 3 2 0W/L J;0^) h^>vA5^ 3 1 COW 
/ \.t^'k^\^^^\t. lt«»if^'r^«Et^ + A:^J«^M 
T:t7i:'j/H5j^AVGOF F.c^ffi (.^SET J; 

[ 0 0 4 7 ] -^fjI^tC. h^>>?Xi5^31, 32(7)W/' 
L<7);^/h$An#ATt). -A:^«^. + A ;^ ^ (t:* ic 

» ft .-^^ ^ *3 § T ^ -5 . 

[0048]lgI27(C:fe(.^T^l, h^>vA^7 1C0y 
-hA:^l7!^^ + A;t/<i:7:£-:3T^O. h^>vX^7 2coy 
- h A;':;;?^- A:^i:;'ci:oT(.^^o h^>vA^70, 7 
1. 7 2. 7 3. 7 4 «it«ffl$|||fi)cTSo itft^mti 
N7>'vXr$' 7 5. 7 6 (7) H U-r >;^^^tb:/7 o u t t U 

[ 0 0 4 9 ] z.(n^ot^nvy^^^^\z^^^x^. V 

yyi/X^ 1 1<DW/L^. K^>xX^7 2C0W/L 
J:0'b:^t<t^C<i:tcJ:0, ft(^<«S{C^tf -5 2 0(?5A 

( 0 0 5 0 ] 'tT'cCt^-^. h ^ > vA^' 7 I oy- h A;^; 
«EVG7 1<i:h^>vA^7 2 (0^- VXi}%W.VG 
7 2 (D||i^Jc43(.^T. 

• • • (6) 



VG 7 2 -VG 7 1 > A VGOF F .•• (6') 

tft^^o\Zs -X'h^'^m^z. ^xii^^^-m^^^. [ 0 0 5 1 1 -xii^^mon.w.t'rx-h^^m 

'>ft<t^iC7'\LV V^FLLV GOF F It^^-k^U^m t^SEST!^^ :t 7 -fe h «E A V G O F F ct 0 $ 

ifi^^^tl^t.. ta* o u \.\t,U^ (GND ig&. 

VG 7 1 >VG 7 2 - A VGO F F (7) 

50 



( 8 ) 



13 



VG72-VG7KAVGOFF" 
lh:ho u i \t/\^ U^>iu (VD D 



[0 0 5 2] h7>v:^^ 7 1 OW/L^, hy 

>vX:$^ 7 2C0W/Lct: 0 t)/jN^ < U/^^^. -II^^ON 
^>vX:$^ 7 2C0W/L^ hy>i^X9 7 1 COW/ Let 

VG71-AVGOFF>VG72 

VG7 1-VG7 2>AVG0FF 
tU^t. tB:fjo t tt/N< (VDDU^;i/) <i: lo KA:^«evg7 i t;;^ 



t#ffl¥6 - 1 6 1 5 7 0 
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— • (7 ' ) 

^>'x;^5'7 UC4x.'E)nsy-hA:'7mEVG7 IJ: 
O'b, h 7 > 7 2 tc4xbn§y- h A;'3«EV 

G7 2;5^. ^>/c£< it):t7't:7 S^/EA VGOF F,^0 

• • • (8) 



• (8 ' ) 

' hA:^mffVG 7 2 J: 0 ^> :t7ir'> hSEA VG 

[0 0 5 3]-*. h7>vA^^ 7 1 {C^x.bn^y- OF Fi:0^t <;:fl^^^. 

VG 7 1 - A VGOF F<VG 7 2 ... (9) 

VG 7 2 - VG 7 1< A V GO F F ... (9') 



(0 0 5 4] -r^^^-fe, h5>vX3^7 1. 72(^)1/^^ 

n;5^-:^cow/L $:fa;^ow/ L ^Ki hi^t <t ^ c t 

h7>>?x^ 7 1 $S2p{c#;tnti:;iJcoao-c^ 
^.0^0. 7 1 CDW/L<fcl9 N7>i^ 

A:$^ 7 2C0W/L;5</h$l.ii:1-^. C<OZl> 

Wt>^mEE\t. -?^tJ^^m{Z:ty'ty h GOF F 

7 2(Z)W/L;6t N7>>?X3^ 7 1 <OW/L<k 0 t):^^^^^ 

fiiJOA;^«jEJi;t-7-fe>> h A VGO F F ^omE^fz^i 30 

[oossiietc. hy>i^7.^ 7 2^mm\zrn}fi± 

^^^-fe^yhAVGOF F5^(7)l[iI^;t'^t{S< Tt)J;Vi. 
h ^>yx^ 7 1 (D^/Lt^ VyyVT.^ 7 2 <OW/L 

ttftf^brai^o u t OA< tDO7!^^«0#t)SeE 40 
ft. +A;^ffl^ffl!J<;)A:^«Ei:bT^7-t:7 h A VGO 

F F5^(DSE^;!?^^:>ST^^ioe) C<i:Jc;k^„ 
[0056] \^1Jl(DXo\Z. 3>/^U~^cd + A^7^^ 
<i:-A:/:75S^<!:(^fBl(c^7-t'y h^/E ^^tt -5 C^{C<:fc 
0. '^Xi}m=f'(D9.^t-Xi}^^(nn.f£t(K>m\zii'y 

/ 1 U - 5^ ft $ -t^: § C <i: T ^ ^ o 

[ 0 0 5 7 ] m2\tmi<Dm^om\oM:^m^^-th 

7;f □7aO«»JieS4 X'l'^^atUTN 50 



^ > ^ )\/ (DM o s m h y > 7. 1^ ^ ^^n^'n^t.^, 

So tJ^O, Ma«(CfiGNDmE«'J{C43V^rfi£i5:'7'f 
4tbX\t^2l\Z^'t^o:f3i. u hyzfmomf^fjm 

[0058] m2 iii^^%m^i!i^r<s:^'o\z. mwmmm 
f£tbxmi^^'r^j:oum^tf^'ox\r^^o ^(D^m. 

Xt}W.BEV i nH<>tf-3?'>XS!^^$nrcmEV i 

ts\zmrz-:>x<Dmmmwjm:h\z\t^mmmf)^$>^. "to 

^mtUT. mEV i n ' (C7l^±ii|if§2(D:^-7-b7 h 

ai*€:jKfe$-t^, MOS^ h^VvXrJ' 57:^^':t>t" -5, 
M0SS!H7>vX^5O?f>tCf*l.^, «EV i n ' ft 

GND^EiSHcT^f ens. -^cofal. ft?^m»ftfiGND 

>tf~^>x^jg[pigs 1 t\^x\tmnn^timomm^ 
[ 0 0 5 9 ] mz\t. m\ (r)m^o:^'m2 (D^^m^TT^^ 

h(DXh^. |gI2<^^^fC:fe(/^T> UOS^hyyiyX 

^ 5 {c^^fjftifi 6 ^^k^i^tzmi^^m^r ^ h(Dxh 
s, 

[0 0 6 0 ] EIStCiSV^T, A:^mEV i nfj. iSgtig 

n' <hUTjSai$ns, IxTi^L. Mi^?!!^ b Uri^t ^ !l t 

t^mtX^X. «EV i n ' fC?^»ii'li§i2 0^7't:-y K 
'^^lh(^n,\£±nf)^^Ctz^^\t. SiSCii1SS§2;5<-eo 
tii:^r€rjSfe$-tt, M O S SI h ^ > v X 5 S , 

MosMh ^>>?xr$^ 503f >(c:(4i(.^. ^-^^mt^m 

WiS6ffl9{CSSns. C(Dft(sb. SEV i n ' li^^co^ 



( 9 ) 

15 

[0 0 6 1 1 ^4\tmiOm0i<Dm3(DM.»m^7r:tt 
[ 0 0 6 2 ] ^4\Z^^^X. XtimEV i n\t. fita 7 

^mcr. «<>e"-:^>xo«Ev i n ' tLxmm 

tti*«ffiV i n' ;!i<±#f So SEV i n' 

of^. ^mnm\'t^n.mm.^m\zmn:b<Dx. ^^t^^ 20 

m,n\zKr>x\i^^ti\i^xh^o:>x. mn^(r>9.timit\t 

[ 0 0 6 3 ] m^\tmio:>m^(om4<D^^m^7^^h 
<oxh^. cti\ts m2\z^\i^x. jSSLii'ii§§ 2 (D + A 

*«^i:-A^Si^&Xn#ATSiSli1i§l2<^ffl:^^ 
<k 0^l^S:ii'li§§2 (Dm;^?^seLxTMOSiei N^>vX 

[0 0 6 4] 05k:43l/^T, ^Wm^^2<Dity±.yh 
\t. V i n ' t^Xii^E^V i n J: 0 hm^%E.±.m 

n^i&x. ^%mm^2\tiE^f}^no. ^m9,m(r>m 

±\Z^^X. «EV i n' 7)<±#b. SSCli*igg2(75:^ 
^■fety h»(OaEEII<fcO'bA*«jEV i n^±IIIS<!:. 
Sigifiggg 2 ftmttJ:^$:ff -Pet fC;^5, ^>/n;-.>$.8 
Ji. SISli$iSg2oaS:^^9±O(i^^SteLTM0S 

>"r*. c:nfc^o^??fssss:GND®jfc§ia^5f, <> 

[ 0 0 6 5 ] 3. s\z^\^^x. mwmm^4 tb 
xm2 i^zTFit^o^. N hy'fm<om»mm^^m^'^ 

1' «:aii«Ek:§l#±frf s«^td:+5i^fcgg^i&t)oX 50 
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^<fc 0 f.< GNDmE.m\zm':>^^mt}iziftxn^. 

[ 0 0 6 6] zn^ZttLX. 02. 3, 5X{t. SEV 
i n' ;5*iS^iSE»C/ioAc«^. c:n$a^;:iWc?l tT 

^i^rcib\Z. M0Smhy>i^X9 Sf)^y^>LX^^^ 
m^^^t^. COfz^. mPL^t. m2 lX\t. Vy> 

7 5 \zmnmt'^mm.^n^^ <'t tt^x ^ 
«Evin' t^m\:^\z%mir^it^\z^z^m-fs.. m^m 

V i ntlhtimJEV i n ' t^U^ t /v b ^^m^ 

\t. mw-m^^4\z^\.^x^^\z:k^t£.nm^m'r'Z^m 
f)^y3:\.K cniz^r}^ m9mm^:k®^zf&nr^ctf)^ 

X^^rznxt^< . Ktf^EEV I ncDSEV I n' ^<D 

[ 0 0 6 7 ] t^:ios ±B^mmmiz^\.^x. mwmm^^ 
(r>^y±v h<DWftii::^\Z'D\r^x\tt^^U:^^f)^^^z 

t^ZOlf'^X^t^ciZtm^fzt^KlX^^. Zl>nU-:9 
izmrzit^ty-ty h\t. A:'7mEV i n (C^f 

V i n' c^iis^it-^, ^(omommm^oi^mm^miz 
<i;o, i£M^zmnt^ctf)^xt^. 

[ 0 0 6 8 ] 13 6}^, :^^m<Df^2<Dmmm\zm^^^ 

TVDD«E$:®ffiLfc^J$^UTtiSo O^O, VD 
D^E{giJttl^^^{Cf£i/^tli;^< >lf-iS^>X^Wr'5. fct 
r^^Jirji§§4 (iiLTtt, la 2 0 tc^f cfc Ph 

[ 0 0 6 9 ] meii^ib^BMi^f)^f^^o{z. mwm^m4 
ztLxmiht^^f^tu^x^^^. ^<Dm^. xtim 

EV i n > t:-^>X^^$n7tSEV i n ' tb 

xmth^n^f)^. ^r^\zmm^^^t^\z^rzr>x<D^ 
mmmmtiiz\t^m\m^$>^. ^ofi^mtLx. iie 

i^Ts^ I 0 (D't>iZi^\^^. SEV i n ' HiVDOmEH'l 

.>xg!«(Hi?& 1 tLx\ti&m9^tjmom^f)mm^m 

[ 0 0 7 0 ] me^ziii^^x. tb 
X. ^2 0 (D^^um^^mmbrzi^^, hy>i^x9 

3 6\thy>i^y.9 Z S tt^K^Zi^mb^oXthtimE, 



17 

V5' f}^XtmEV 5 t^b<y3.^. **h^>vX5^ 

T> SEV5' OS!ffiJ^<fcO^<S5Sfi:S®VDDfl'JtC 
[ 0 0 7 1 ] cniiZnbX. 0 SEEV i n ' f)^ 

V i n' 0«E«lRli;{c»«p"r^y:i«6(Zi&S;^«/MS(O 

i ni:til:fjmEV i n' tf)U^t/va^b^^i^'t\ts S 
» 4 {c is T ^ :^ m 15^ ^ ^ T S ;5i^ 

Sfc*frt'C?5:<, A*«EV i nO«EV i n ' 'vCDjgfiE 

[0 0 7 2] ^7\t:^^^<Dm3<D^mm\Z^.^^nE 

«EVin«'f>t:-^>:^3E«[HlSSl*:fhUT. A* 

m:h\ts n>nu-^ tbxmi^t^ z^omwm^m 
2s 1 lomxti^'Fi.z^^^ti^. xtim&y i n 

&Si»itS»2, 1 l<Z)ftA;^ia^{c4Af>n-5. 

^3. 1 3 $:t>/:t7a»T^, ::^-r7^3tt> <> 
t:-^$^>X^tfe(IIgS 1 om:^^EV i n' tGNDt<D 

Kommnf^^n'D. -^tsi^^z. gnd«e. ssaa 
aSVDDt^. ^\Z. >\i-^y7.tu^x\^^^. 

[ 0 0 7 3 ] \^A±.m^rz^oUm^\Z^\.^X. :k\Z^O 

[0 0 7 4] «»liii@8l2 t 1 1 \Z\t^M\Zity±y V 
^^fcitT*So C(D^mts A:^aEViniaEV 

EV i n ' <haA;^3S^OA:^mEV i n t(Dmiz. t 

y-ty h\z^^-r^&.±o9mmf)^±cit^'t. com 

K 1 OtiS:^SEV i n ' € G N D SEilJtC ^1 1 Ttf -5. 
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y>A^^(HlgSl(DaJ;'3^EV i n' ^a^f^milVD 
D«J{C?lt±tf ^. 

[ 0 0 7 5 ] ^ >fc:-^>Aa!»(HlgSUCJ:0, 

A:'7mEV i n (i<> h:-^>X^jg$n/!:mEV i 

'DX(D^mmsh«^ti{z\t^f^.mmi^^$>^o ^<D^^^^tL 

X. SEV i n ' izm^mmmzoty-ty h^&.±.(D 

i/^. mEv i n' {tGND'^jEmizmtm^n^. ^o 

[ 0 0 7 6 ] ^ >l:f-'^>X2^^(HlgS 1 Ti^^ft^^ 

(c a«t ^ f ^ o T o m i!? «g :^ ^ 
• -^-coje^i bT, «EV i n ' \Z\^'^'^m^^ 

1 1 Ort^iru/ h^i'£il±(7)«E^£T?&^*i;fc«^tS. 

20 >r§o X-r 1 3 CO:t >JCf4^l^, ^EV i n ' ^iV 
^ © 1© ^ (7) jig :^ « <Z) )5S n tB b 1 1 tti ih $ n ^ 0 

[ 0 0 7 7 ] 1^8 7 (;)^^^C7)§,^^J^^'rt)C0T^ 
0. <>tf-y>X^^[5]gSl<hLT7t^;l/7^-v7:tn 
rSic^?1lgCii'tiSi4 ^^l.^, X< ^y 5^ 3 i: bTN5^^ > 
:^i;KDMOS^h^>5;x^ 5 X < 7 ^ 1 3 <i: 

UTP^i- >^;K7)M0 S S h 7>vX^ 1 0 ^ffll/^Jt 

30 [0 0 7 8] m%ti^^%m^f^fs.^o\z. «gti*i§§4 
il-r'5C^fcJ;0, +A;^ja^(Z)SE=£^(D^^m:t;m 
A:^mEV i n > If-^ >X^»$ nfc^E V i 
[0 0 7 9 ] l218fC;feV^T, ^ (?) ®j 0 7 O «l 15£ ,i: 

^<nit^. \%n^m^Atbx\t±^f^ 

ti^:k^^zi&iA-r^ctf}^Xt^. ^fz. tt^fi^fSO 
fcf- y >X (7) fSHfiHz^ V D D G N D S{£ J: o 
EV i n' (T^HE^E^^-tt-Sck brv^^o CCDfc 
ii), A;bSEV i nfC^-T'SmEV i n' Oii?)£tt€:ct 

[0 0 8 0 ] i^j.±0^mmm(D^x. mA.\m2iZ7nL 
tzm^t. meizTr^btzm^^. m i 4 iz^btz^i^^o 
m^m7jkmn^^^^z'^(D^^mmt^t^<Dtr^. -d 

ia22tC*3V^T. mEV 2 7!i^6mEV 2 ' (CO 
50 tf-3^>A^«'r'5[slK*Cfi0 2OlsI»^affll., «E 
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V3. V 4t)^^9E,y 3' , V4' {C<>tr-i$^>XX 
[ 0 0 8 1 ] C(DiS^. B.>{f^^- hiZTp: 

r^oiz. &m9.mms<omnmmi o?\t. seg/ 

Jt«W'>?i<> ±i^¥i^'C\t:k^\zi&U^nx\^^^. 
o«iB®BO«&«, ^(Dm»^:h^iz«i\zi&nti>c 
CO 0 8 2 ] 01 0\t:^^^(D^mEE^±m^^i&n& 

^m\z^^mbrz^^(Dzfay^mr$>^. mioizT^t 

cD+A*ffl^tcaEvo^A*$n, -A:^a^ttasi 
R s ^^M.TGNDtc»jK$n, K-omnmm^i 4(D 

f)mm^tift^^^m^bx$>^. 
CO 0 8 3 ] ^±Ocfc^;^«iiS{cjf^T> ^^K^mm^i 

5\t. Ktin^VO^ (l+Rf/Fs) i^izm^b 
T, SflE (1+Rf/Fs) VO^ffi;^T^o CcDffi;^ 
ti^^^^mEEM^l S\t. (1 + R f /F s ) V 

0' ^mtt^. c<o\ai3^EE^«^(D\s\n\zmf^t^^ 

;^«E€5llrTtf 5. ;£«Ea2i<i:UTfi, 

mmmwLx. ^^^^ii*i§§i 5otB:^^^>tf-y>x 

^» U T^gi5 {cm ;^ -r ^ C i: /j: ^ o 
[0 0 8 4] t:>£0, *%^(^;St|E%£[iIE8lSlfi(t. 
;£«EiKO-»<i:L/Tffl*iitf;i<J:tCJ:0, «?S»18iJi£ 

T ii fie 14 J: ^ « « E as ^ « « -r ^ c t:^^ T ^ . 
[ 0 0 8 5 ] 01 1 \z^(b^zSir^^mmm^y^-r. m i 

in, n >/tV-:$^ 2 (Dv<:h;^A;^fc. igi<7)Vin 

T^JgmElsI^I^^T. 
[ 0 0 8 6 ] Hi 2tt. 0 1 1 {C*tl61-'5.«'&^^UT 

[ 0 0 8 7] ae*<Ci0 2 2(D«fC, S2paEVl-V5 

§.022 (;)^j^E[sIgS 1 0 5 ^> 013 tC^-r^t ^ {C«l 
^T^o -^LT. Vl^0i2cDVin^, vT'" ^ 
V i n"* ^A:^T'5. 022(J:012T^len 
^>Vl(0t|Ed^5V. VI'" ;!)t5. lV^;fi§,k^tC 
ffifiiffl«:l9:;£"rs. cntCJ:0 V 1 =V i n = 5 V, V 
=vi n" = 5. IV tU^. ^LX. 01 i;^cC 
e>^tC0 1 2 om;^ V i n ' ;!>^a!ftUT. V i n" <73A 
^«E5. 1 V$a;t/ii:'r'&. C<Dtt. ^y±yh 
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i^rz'ttfs.^^^zjynu-:^' 2 A^mmt^t. vin' 

(i5. lV\ZXitit}f)^^^L. N-7>x7s^^0N$ 
ti:. V i n ' $GNDfflii^<h5ltTtf §(l!it$1-§, t 
bXs Vin'/)«5. 1 V J; 0T;f5^ofc«^(C. 3>/1 
U-^ 2AiDlhti\tK«^b. hy>i^X^ 5\t:ty tU 

Z<Dm\Z. trfcT'cCm 3 c0S2plgE V i n" ^=i>/^ 
U-^' 2 AtCA:^UTt)ci:l'^o ^Ac. ^1 3C^LAc^ 

ffi^lttCci:-pTfi.t(cm3coSm^fiV i n'" €: 

»m\z^^^m^^(Di5f)mmr;^^ct\tmibf)'^x^ 
§• 

[ 0 0 8 8 ] ^ Ac0 1 1 S:D^0 1 2 tC*^tt§<>t^-y 

Ltz^'btji^^mm^zbrzKi't^cthxt. c<d^o 
[ 0 0 8 9 ] mi 4\t^^\zmf^^mmm^^r. mi 

A^r*§. COl-7>vX5'3 OCOV-X^V i n ' 

[ 0 0 9 0 ] 01 5ti0 1 4$$b(C:i:{^^t:'r§i:t{C 

1^5, C<D^m\Zik^^X. V i n' 7!i^g!®i (±#) 
30 bfttt^. "tbX. V I n' [ n' - V [ n 

^Vr», (Vt.r h ^ >':/X37 3 1 fCj^tt'S 
«E) T*tD$nSckO^);*:#<ncS<i:-r'5. f Si:, 
h^>>?X5'3l7:>^:t>L. ±^L;tVln' SGND 
(VA$:GND(C L/t^^) {gfj-v <h ^1 1 Ttf S fl!) ^ T 
S, tltoT, TKS:ii^li4 ^02 lco^tzh^>xX^ 

■::?*0, V i n' i)^±^bft^\Zh^>i^X9 3 If)^^ 

9 3 I tbxm,^1^3kmh y>'yX9 ^^-oftZ tt)^ 
40 6> V i n ' /^^:^$<2»f n^i-rse, h7>vX^ 
3 1 C0;f >fiSt«/jN$ <;^0. Vin'$.i;0?S:^j{c^l 
^T^f^otr^. m^z. V i f)^V \ n\z&r^< 

t. h^>vx^ 3 1 \tt>i§.m^m<u^. V i n ' 

i)^V i n^^^x.Xbto^(D7 >y-iy:L - h^^SZL 
n' oa<4K»CiiiSIL^t#tt$'^§57)<m3l5-5. 

a^sf, -f >tf-5^>xg:«iHi8S nci^itsv i n t V i 

n' ton hy>i?X9 3 I <DV 

50 [ 0 0 9 1 ] 016fi. V A/^^iSiSEV,oT$>oT. N 
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^>xx^ 3 2 1 Lx^ 2 mmm<Dn^^S}^m k5>v 

7.^ (Nf-i-^JUSMOS h7>xX:$' 3 2) ^&^b 

[0 0 9 2] h7>vX^ 3 20V-;^$V i n ' fC, 

V i n' ;!i^;^^<T/)«oT, ^OSffiV i n-V i 
n' h7>v;^3^ 3 2<^L^l^fiiaJEVT,., 

^^3 2ttKTUfcV i n' ^V,pm^t^\t±^i^»t 
&1-^o -^UT. ^' 1 5 «i:|5l«tc, V i n ' i n'x 
3S::^^> L.tViMmE{c^r^i:> H ^ > v;^ i?' 3 2 

OFF tfs.^. c(D^^(D»r\t. mi 5 tm^r$> 

[0093] 017 015, 01 6(0fl:&$«;^{S 

3 l(7)y-Xfi!l(r^faafiIi€:^tt^c:*)a)T^^o C 
<0«ifl^»{zm>Xh. V i n' ;&iaiftL/fe«^«C«, 
h^>':?X^ 3 1 '&b<«3 2<D\,^rtlf)^f)^:t>bX. 
V i n' $:V i niT^^fe-v^IttxiiTfld^^-r^. SI, 

0 1 6 }C7RLitm»mm^x^^^m\t\,^o^xhts,\^K 
[0 0 9 4] 0i8tt, -^^^zmfs.^nt&m^TTibft^ 

(DX$>^. CCX\t\ mi 5\Z^\-f^h^>i^7s^ 3 1 
(Oy- hA^€:, «3 ©«*tt&V i n"* tbX^"^ 

[0095] 018{C»liT, ta^Vin' i!)^V i n t 

(V I n'" i n' ) f)^h9>i^7.9 3 l(Dbt\^^ 

mz. ^3(ostii«a&A^r5«'b^siT**, 

[ 0 0 9 6 ] 

xij^EEt\^\i^b\^^itEE^miiw.E,tLxnt^\zm%i 

•T'Stc^^O. \htimE^^S:\z:ty±y h^^fzitfz 
^^^'^l&K^^0-tt)&'h%\£^^i^^->1t^'t\Z. ^ 

<r>fimz^m^m^^nt^^o\zmm.bit<nx. 
\i-9>7.^%^%(om9.%m^^mx^^t^\z. X 

[0tsoia*;:fciftB^j 

[0 1] *K^<O-||J6«iJJcfi^^»)£aEa4[Hl»0yn 
[02] 0 1 <D««om 1 (Oa^W^^-ryn^y ^0-C 
[031 0 1 (7)«fieo^2(Oa«se!l$^'ryDy^^0T 
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[04] m\(D^^<D%3(n%^m'^7fs^':fnv^mx 

[05] 01C?5]afig(^^4C7)S*^J$:^'r>^O7i^0-C 

[06] i^^^m%2(D%%mz%^'^%w,%^mi^<r> 

[07] *%q^<75m3 (7>SigWfC^^^mE^^[Hlg§C> 
10 [08] 07COW^(D^<*:^J^^f yn7^0T$>^. 

[09] *^Bj:£Ei2 2(DSEaix®jfflmi^Jcjgfflu/b« 

[010] *«a>^&««Eilllc«;:ffibfeiS^(^:rn7i:7 

0T?*«>. 

[01 1] *»^(O$6tcS;tcSSISSfi«I<^::^D7^0-c 
[012] m\ \<r>^^m^n^^'^uy omxh^. 

[01 3] iJ^E[Hl?S<^5-WS:7n-risIK0T«>^. 
[014] *«^O$e{cSrj:SIIJ6fiRJoyn7^0T' 
20 fe^o 

[015] m\ 4(n^w^^^m<J^^uv ^"^xh^. 
[016] ii^%^^(D^^\zm^^%mm<j^fuvomx 

[01 7] *:^B^(D$^»cS;^j:'5SIS£««J(^:/n7^0T 

[01 8] i^%m(0'^^\zWiU^%^m<r^^uv '7mx 

[0191 fie*(03£«E^±isigs<z)yD 7>:70-r$>§. 
[02 0] p hyy(DMosmmnm^^(om^7rit^ 

30 ^0Tfe^o 

[02 1] N h^v7'cOMOSMiKgii'lii§Ote<0^i^iK 

rmmmx^^. 

[02 2] m^(Dm^m9}m^^<Dm^7r>'r:fuy ^m 
xh^. 

[02 31 mz zo^^mzto^-y^m^n.m^^om^TT^ 
rm^mxh^. 

[02 4] 02 2o?sii^affleiioij(^>£ift0^r^Ac 

[02 5] :2yn]y-^ (D'yy^^)imx^^. 
40 [02 6] 13 >/'^U-:$^co-^i^^-riHlS§0T$)^. 

. [02 7] n>nu-9<r>m(r>m'tyf^t^^mx^^. 
1 < > t:-^>x^^(Dig§ 

2. 4. 11. 12, 14, 104 iSgl^'ligi 
3,13 X < >y 9^ 

5, 10, 17, 18 M0S^h5>vX^ 

6 ^^m.m 

7 ffiSi 

9 ai:^^ 
50 1 5 l^EteJijigi 
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1 6 ^SElHlK 

1 0 0 mm^^ 

1 0 1 ^ffiSJK^^ 

1 0 2 ta^ffi 
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10 3 Em 

1 0 5 ^E\E\^ 

1 0 6 &m^M^^ 

1 0 9 mwm^^\sin 
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